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The doping of Sc into aluminum nitride has been found to enhance the piezoelectric response by up to 400% 
over pure aluminum nitride. Maximization of piezoelectric figures of merit including effective piezoelectric strain 
coefficient (d33) and electromechanical coupling factor (kt2) is critical for applications such as accelerometers and 
energy harvesters, and both these figures of merit have an inverse relationship with the stiffness of the material. 
Conversely, resonant applications such as the electromechanical filters that are ubiquitous in wireless 
communication technologies are governed by figures of merit that are directly proportional to material stiffness. 
Thus, while most literature on this system focuses on a subset of easily-measured electrical or 
electromechanical properties, understanding fundamental origins of such responses as well as future 
application-specific optimization requires a better understanding of the mechanical properties of such materials. 
 
In this work, combinatorial reactive sputtering combined with high-throughput materials characterization were 
used to map the structure, phase, chemistry, elastic modulus, and a variety of electrical and electromechanical 
properties of the AlScN system across the full composition range. Stiffness of the deposited films was measured 
using nanoindentation and analyzed using Li & Vlassak’s numerical method based on Yu’s elastic solution to 
remove the influence of the substrate from the elastic modulus measurement. For comparison, density 
functional theory (DFT)-based calculations using the Vienna Ab-initio Simulation Package (VASP) were used to 
compute elastic constants for the (Al,Sc)N system in both wurtzite and rock salt structures. In the wurtzite 
phase, the addition of Sc results in substantial decreases in stiffness, while the stiffness of the rock salt phase is 
relatively insensitive to Sc content. Isotropic and orthotropic averaging schemes were used to compare the 
VASP results to measurements on textured films. The indentation elastic modulus (E/(1- 2)) decreased from 
~400GPa to ~250GPa with the addition of Sc up to 28%, paralleling the calculated results in the wurtzite phase. 
For Sc concentrations between ~28-55% a two-phase composite microstructure develops, consisting of Al-rich 
wurtzite and Sc-rich rocksalt components. Our 
findings support the idea that the oft-reported 
increase in piezoelectric strain response with Sc 
additions to AlN are driven more by the reduction in 
material stiffness than by any direct improvement 
in intrinsic electromechanical response and 
highlight the need for further materials 
development for improved performance in 






Figure 1- Modulus of (Al,Sc)N as a function of Sc 
content 
Composite 
microstructure
